Study objective-To identify and assess the contributions of major risk factors for campylobacteriosis in New Zealand. Design-Case-control study. Home interviews were conducted over nine months using a standardised questionnaire to assess recent food consumption and other exposures.
Controls were matched to case patients by sex, age group, and home telephone prefix. Matching individuals were located by telephone using residential listings selected in a random fashion from local telephone directories. Repeated attempts were made to contact potential controls who could not be reached on the first approach. No records were kept of the number of calls made to recruit controls. Exclusion criteria for controls were identical to those for case patients, except that potential controls were also excluded if they had reported any diarrhoea in the previous month.
Interviews with controls took place within 14 days of the case-patient interview.
The questionnaire examined the subject's food preferences in a typical month, recent exposures to particular foods, and usual food preparation methods. There were also questions on non-food exposures, such as recent travel, home water supply, home sewerage, pet ownership, and occupational exposure to animals.
Data from the questionnaires were doubleentered, and a conditional logistic regression for 1:1 matched data was performed. Exposure variables were expressed in dichotomous categories so that matched odds ratios and 95% CI could be calculated.
Stepwise logistic regression was then undertaken to identify the combination of variables that best explained the differences between cases and controls. This method provided odds ratios and 95% CI for each risk factor independently, adjusting for all other variables included in the model. Following multivariate analysis, population attributable risk percentages were computed, given a reference population with the same distribution of age, sex, and telephone prefix as the participants in this study. These were calculated to assess the relative contribution of each independent risk factor to the incidence of disease.
Results
There were 621 case patients and an equal number of matched controls recruited into the study. The case patients represented 24% of the 2585 persons notified with campylobacter infections in the four centres during the nine months of data collection. There were 186 potential case patients (8%) who could not be located within 48 hours of notification, 77 (3%) who refused to participate, 58 (2%) who had to be excluded after interview because a matching control could not be found within 14 days, and 14 (0.5%) who met the other exclusion criteria. The remaining 1629 persons notified with campylobacteriosis were not sought for interview because their illness was part of a recognised outbreak (1%), because their notification was more than 14 days after the onset of illness (9%), or because they were with bovine carcasses was also strongly associated with disease. Few food preferences in a typical month were associated with disease. Exceptions were a preference for chicken pieces at least once per week (matched odds ratio 1.41; 95% CI 1.12, 1.77) and a preference for chicken liver at least once per month (matched odds ratio 2.31; 95% CI 1.29, 4.16).
There was an inverse association for above average consumption of most salads and other raw vegetables in a typical month. Preferences for salads made at home, including lettuce salads, coleslaw, and potato salads all seemed to be protective against disease. A similar effect was seen with raw vegetables eaten at least three times per week (matched odds ratio 0.69; 95% CI 0.53, 0.92). No associations were found for meat or seafood salads, or for fruit salads. Prepackaged salads eaten at least once per week were positively associated with disease (matched odds ratio 2.10, 95% CI 1.25, 3.52).
Few food preparation practices in the home were associated with disease, including how poultry and other meats were handled. Use of the same chopping board to cut raw meat or poultry and to prepare other foods had no association with disease, although using a chopping board made of wood seemed to be protective against disease (matched odds ratio 0.77; 95% CI 0.61, 0.96). Chopping board cleaning practices had no association with disease.
Results of the multivariate analysis are shown in table 5, together with population attributable risk percentages. The strongest population attributable risk percentage was derived from not consuming any chicken that was baked or roasted in the previous 10 days. Preference for chicken pieces, consumption of undercooked chicken or other meats and fish in the prior 10 days, and consumption of chicken in a sit-down restaurant also had large population attributable risk percentages.
Discussion

POULTRY
Previous studies have frequently shown associations between campylobacteriosis and the consumption of poultry. In some studies only raw or undercooked poultry was associated with disease. The raised risk associated with chicken consumption in our study was dependent on the cooking method, which may be related to the thoroughness of cooking. Baking or roasting chicken may ensure that campylobacter contamination has been eliminated prior eating. Barbecued or fried chicken, on the other hand, may not be thoroughly cooked on the inside. Freezing chicken may also reduce risk. This finding was consistent with the New Zealand microbiological survey, which found that none of 17 frozen chickens studied had any campylobacter present. '6 Increased risk from chicken meals eaten outside the home has been shown elsewhere.' Cooking of chicken in commercial establishments may be less thorough than necessary, in the interest of serving large numbers of patrons as rapidly as possible. The finding that risk is higher from sit-down restaurants than takeaway establishments is interesting, and requires further study.
If chicken has played a role in the growing incidence of campylobacteriosis in New Zealand, possible reasons may include a growing preference for chicken among consumers or a wider availability of the types of chicken servings having higher risks. It is also possible that campylobacter contamination of raw poultry products for sale in New Zealand has increased or that preferred cooking methods of chicken in homes and restaurants have changed.
OTHER FOOD FACTORS
Preferences for meats other than poultry showed almost no associations with campylobacteriosis. This finding parallels those found elsewhere,`5 and suggests that preventive efforts be targeted particularly at poultry.
The strong protective effects of salads and vegetables, other than meat salads, fruit salads, and prepackaged salads, could have occurred because people who bother to prepare salads with their meals may be more careful to ensure that their meats, including poultry, are cooked thoroughly. These may also be chance findings resulting from multiple comparisons, and should be confirmed in other studies.
The absence of links between food preparation practices in the home and campylobacteriosis has also been observed in Norway.7 This suggests that while good hygiene in the kitchen is important, it is the thorough cooking of foods, particularly poultry, that may be most essential in preventing disease. The apparent protective effect of using chopping boards made of wood has been discussed elsewhere, '9 but should be accepted cautiously.
NON-FOOD RISK FACTORS
Overseas travel is widely accepted as a risk factor for campylobacteriosis and other enteric infections.'4 The association with rainwater as a home water source has not been described elsewhere, but it is biologically plausible. These water systems are typically untreated. Wild birds, which are a major animal reservoir for Campylobacter species, can easily contaminate these systems by roosting on the roof where the rainwater is collected.
Contact in the home with puppies has also been linked to campylobacteriosis in Britain. ' Care was taken to ensure that systematic differences in case patients and controls were minimal. Once it was known that a matching control resided at a particular address, that residence was called repeatedly to recruit the matching individual into the study. Despite such safeguards it is possible that the controls who ended up in the study were simply more likely than case patients to spend time at home. If so, this could explain some or all of the risk seen with exposures to foods prepared outside of the home. There was also a danger from selecting controls by telephone, as occasionally the information obtained about who lived in a household may have been false. Further bias may have been introduced if case patients remembered details of their exposures better than controls because of their illness. We sought to balance the superior recall of case patients by asking controls to recall their exposures, including food consumption, from a more recent reference period, the 10 days prior to the interview. This technique has been used elsewhere.8 CONCLUSION Campylobacteriosis is a common disease with a number of common causes, the most important being consumption of undercooked chicken. Awareness of thorough cooking can be achieved through public health messages promoting the baking and roasting, instead of the frying and barbecuing, of chicken. Restaurants may need special targeting to ensure that the chicken they serve is cooked sufficiently.
Most of the other risk factors for this disease are also modifiable by simple behavioural changes. These would include avoidance of unpasteurised dairy products and untreated drinking water. Other preventive measures would include careful hand washing after handling animal carcasses, live cattle or calves, and puppies.
